Experiments (Exp.) were conducted to determine whether the daily requirement of laying hens for protein, P, and Ca can be reduced by providing the hens with adequate levels of these nutrients only during those hours of the day that the physiological need for these nutrients for formation of various components of eggs are increasing. In Exp. 1, birds of the positive control were fed a 16% protein diet and birds of the negative control were fed a 13% protein diet continuously during the light period (0500 to 2100 h). The other groups were fed the 16% protein diet during the morning (0500 to 1300 h) and the 13% protein diet during the afternoon (1300 to 2100 h) or vice versa. The design of Exp. 2 was similar to Exp. 1. The birds of the positive control were fed a 0.4% available P (AP) and the birds of the negative control were fed a 0.2% AP diet, with other groups receiving the high-low AP or the lowhigh AP diets during the morning and the afternoon, respectively. The birds of the negative controls in these Exp. had almost comparable performance to those fed the other dietary treatments. As a result, these Exp. did not have negative controls for comparison of different dietary treatments. Additionally, regardless of dietary treatments, birds consumed about 40% of their daily feed intake during the morning and about 60% during the afternoon in these Exp. Due to these two shortcomings, it was not possible to reach to a decisive conclusion pertaining to the objectives of the Exp. The results of Exp. 3 indicated that the above pattern of daily feed intake was not due to an increased appetite for Ca during the afternoon hours for shell formation. Various indices of shell quality were not improved when most parts of the daily Ca need was fed during the afternoon and evening and were not reduced when most parts of the daily Ca need was fed during the morning. 
INTRODUCTION
Considerable quantities of N and P are excreted annually by commercial laying hens to the environment. Furthermore, protein and P are the two most expensive components in poultry rations. Consequently, any approach that could potentially reduce the intake and, as a result, the excretion of these nutrients without affecting the hen's productivity would have a significant impact in reducing the environmental pollution attributed to these nutrients and the cost of egg production. One approach for reducing N excretion is the use of low-protein amino acid-supplemented diets. It has been shown that satisfactory performance can be obtained by moderately reducing the dietary level of protein with proper amino acid supplementation. However, when the protein level in the diet is reduced more drastically, production performance cannot be satisfactorily maintained with low-protein, amino-acid supplemented diets as with crude protein (Keshavarz et al., 1980; Keshavarz, 1984 Keshavarz, , 1986 Calderon and Jensen, 1990; Jensen et al., 1990; Penz and Jensen, 1991; Summers et al., 1991; Keshavarz and Jackson, 1992; Summers, 1993; Leeson and Caston, 1996) . The possible reasons for the failure of the low-protein, amino acid-supplemented diet in maintaining optimum performance and the information that is required to overcome this shortcoming have been discussed elsewhere Russell, 1993: Latshaw, 1997; Keshavarz, 1997) .
Recently, Penz and Jensen (1991) reported that the time of feeding of the low-and high-protein diets may be an important factor in using low-protein diets successfully in layer rations. When hens were fed a highprotein diet (16% protein) from 0400 to 0800 h and also from 1400 to 2000 h and a low-protein diet (13% protein diet) from 0800 to 1400 h, egg production and egg weight were equivalent to hens of the control groups that continuously received the high-protein diet (16% protein). Other performance traits were not different among the control groups and the groups fed the altered protein regimen. However, the groups that were continuously fed the low-protein diet (13% protein) or fed the low-protein diet from 0400 to 0800 h and also from 1400 to 2000 h, and the high-protein diet from 0800 to 1400 h, produced significantly lower egg weights than hens of the control groups. These investigators hypothesized that the advantage of feeding the high-protein diet during the early hours of the day on egg weight was due to a greater need for protein during this period for albumen formation. The information from the study of Penz and Jensen (1991) , however, was not adequate to determine whether the beneficial effect of feeding the high-protein diet during the early hours of the morning on egg weight was due to a higher daily protein intake by this group or was due to a higher protein intake when the majority of the hens had an egg in the magnum. However, their approach introduced a concept with the potential to satisfactorily reduce the protein level in laying hen diets.
Based on the above information and the following rationale, we hypothesized that the requirement of laying hens, not only for protein, but also for phosphorus and calcium (among other nutrients), do not remain constant, but actually vary during different hours of the day, depending on physiological needs for these nutrients for formation of various components of eggs.
Today's commercial strains of laying hens lay the majority of their eggs (about 90%) during the morning (Leeson and Summers, 1978) . About 30 min after oviposition, the next ovulation takes place. It takes about 4 h for ovum to move from the infundibulum to the uterus (shell gland), with the majority of this time (3 to 3.5 h) spent in the magnum, where the egg white is formed and secreted. Thereafter, the ovum remains for about 18 to 20 h in the shell gland for shell deposition before the eggs are oviposited. The current commercial strains of laying hens have been selected for a high rate of egg production, and as a result, the time between two successive ovipositions is about 24 h or slightly greater particularly with younger hens. Although albumen and yolk have almost equal protein content, the proteins of the yolks are continuously synthesized in the liver and accumulated in the ovum until ovulation takes place (Morris and Taylor, 1967; Etches, 1996) . On the other hand, the proteins of the albumen are synthesized in the oviduct and must be deposited on the ovulated ovum during a time period of 3 to 3.5 h while the ovum is in the magnum (Warren and Scott, 1935; Etches, 1996) . According to Gilbert (1971) the bulk of the albumen proteins required for an egg are synthesized in the magnum between the passages of successive ova through the oviduct. Hiramoto et al. (1990) and Muramatsu et al. (1991) reported that the rate of protein synthesis in milligrams per hour per oviduct tissues were significantly increased when an ovum was in the magnum compared to when it was in the other segments of the oviduct. The results of a double label ( 3 H/ 14 C leucine) study of Shevchenko and Sherapanov (1986) indicated that about 70% of egg white protein is synthesized in the oviduct. These investigators suggested that the hen has a higher protein requirement during the morning, because it is exactly the time of extensive egg white protein synthesis for a majority of hens in their study. Failure of adequate protein synthesis in the magnum during this period may result in reduced egg white and egg size. Based on the aforementioned reasoning, it was logical to believe that the requirement for protein, at least for a majority of hens in a flock, would be greater during the morning hours when the ovum is anticipated to be in the magnum and egg white proteins are formed and secreted than during the afternoon and evening.
On the other hand, shell is deposited around the albumen during the 18 to 20 h when the egg remains in the shell gland. The period of shell deposition coincides mainly with the afternoon and evening. Based on the above-mentioned reasoning, the requirement for Ca should be greater during the afternoon and evening, when shell calcification is taking place, than during the morning. In fact, several investigators reported that hens can regulate their daily Ca intake according to the need for shell formation (Taylor, 1970; Wood-Gush and Horne, 1971; Hughes, 1972; Leeson and Summers, 1997) . Mongin and Sauveur (1974) reported that when hens are provided with a normal Ca diet (3.15%), the hourly intake of feed increased during the afternoon when shell calcification is in progress. When hens had ad libitum access to a low-Ca diet (1%) and oyster shell, which were provided in separate feeders, the consumption of oyster shell increased substantially from 1600 to 2000 h, i.e., during the time that eggshell formation is in progress. Also, relative to the stage of egg formation, the voluntary intake of oyster shell increased sharply when the egg entered the shell gland. Clunies et al. (1992a, b) reported that feed, Ca, and P intake of hens increases on shell-forming days as compared with days on which shell formation does not take place.
With regard to P, Roland and Harms (1976) reported that reducing the dietary P in the afternoon has beneficial effects on shell quality, whereas a converse approach has detrimental effects on shell quality, as compared to hens fed a diet with conventional level of P. Holcombe et al. (1975 Holcombe et al. ( , 1976 presented information indicating that laying hens have the ability to regulate Ca and P intake according to their physiological need or anticipated need for these nutrients when they are given choice to consume diets with different concentrations of these minerals. They have shown that hens consume more P during the morning (0600 to 1400 h) than during the afternoon (1400 to 2000 h).
The available information generally indicates that the current practice of providing the hens with one diet throughout the daily photoperiod might not be an ideal approach for optimum utilization of nutrients. Provid-ing the hens with one diet during the 16 h of daily photoperiod might result in wasteful use of nutrients due to either over-consumption of the nutrients at the time that the physiological need for the nutrients are minimal (such as high level of protein in the diet during the afternoon and evening hours) or over-consumption of feed for adequate intake of nutrients at the time that the need for nutrients are maximal (such as a greater need for Ca in the afternoon and evening). It has been shown that self-selection of nutrients results in a voluntary restriction of nutrient intake by laying hens (Leeson and Summers, 1978) . These investigators reported that daily feed, energy, and protein consumption were reduced, and daily Ca intake was increased when hens were fed split-diets of high-energy, highprotein, and low-Ca in the morning, and a diet with converse concentrations of these nutrients in the afternoon, as compared to hens fed a conventional layer diet. Production performance was not affected by dietary regimens used in their experiments. Furthermore, birds fed the split-diets had significantly greater carcass protein and significantly less carcass fat than those fed the conventional diet.
The following experiments were conducted to determine whether the daily requirement of laying hens for protein, P, and Ca can be reduced by providing them with diets containing adequate levels of these nutrients only during those hours of the day when the physiological need for these nutrients for formation of various components of the egg are increasing. Although experiments under choice feeding conditions generally support this hypothesis, they may not apply under current commercial practices. Therefore, in conducting the current experiments, an approach was taken so that the results could have practical application. If the results of this study were successful, they could have the potential for diminishing the pollution problems associated with N and P excretion of poultry, and also would have the advantage of helping reduce feed costs involved in egg production. The results of the initial experiments are presented in this paper and the results of subsequent experiments are presented in an accompanying paper (Keshavarz, 1998) .
MATERIAL AND METHODS

Protein Experiment
Four hundred 30-wk-old pullets of a commercial Leghorn strain (Babcock B-300) were used. The pullets were housed five per shallow-designed cages (61 × 36 cm) in a high-rise environmentally controlled house. The pullets of four adjacent cages were considered an experimental replicate and each dietary treatment was fed to five replicates (100 hens per treatment). The composition of the 16 and 13% protein diets used in this experiment are shown in Table 1 (Diets 1 and 2, respectively). These diets were isocaloric and contained similar levels of linoleic acid and choline. The 16% protein diet contained all the nutrients to satisfy or exceed the NRC (1984, 1994) recommendations. The 13% protein diet was supplemented with methionine, lysine, isoleucine, and tryptophan to ensure adequate intake of these amino acids. The birds of T 1 (positive control) and T 2 (negative control) were fed the 16 and the 13% protein diets, respectively, throughout the 16 h of daily photoperiod (0500 to 2100 h). The birds of T 3 were fed the 16% protein diet during the morning (0500 to 1300 h), and the 13% protein diet during the afternoon (1300 to 2100 h). The birds of T 4 were fed the 13% protein diet during the morning and the 16% protein diet during the afternoon. Regardless of the dietary treatments, the morning and the afternoon feeds were delivered from two feed cans in order to determine feed consumption during the morning and the afternoon separately. The afternoon feeds were delivered at 1300 h every day. All leftover feed belonging to the afternoon was manually removed from the feeders immediately after the lights went off (2100 h) using a flashlight. The feeders were then filled with the morning feed during the dark hours (usually between 2100 to 2200 h) so that at lights on at 0500 h of the next morning, hens would have access to the morning feed. The morning feeds were replaced with the afternoon feeds at 1300 h. This cycle continued during the period of the experiment (30 to 38 wk of age). Daily egg production and weekly feed consumption were recorded during the experiment. All eggs produced during the last 3 d of every bi-weekly period (from 1300 of the 1st d to 1300 h of the 3rd d) were saved for the measurement of egg weight, grade (according to the USDA grading system), and specific gravity. A 20% random sample of eggs from each egg grade category was used for measurement of the egg components. Body weight was determined at the beginning and at the end of the experiment. At the termination of the experiment, one bird from each replicate that had a hard shell in the uterus (by palpation) was killed shortly after oviposition and the weight and the length of the different segments of oviduct was determined.
Specific gravity was determined using salt solutions varying in specific gravity from 1.058 to 1.102 in increments of 0.004 units. Shell weight was determined after breaking the eggs and cleaning the shell from the adhering albumen using a paper towel. Yolk weight was determined after rolling the yolk on a damp paper towel to remove adhering albumen. Albumen weight was determined by subtracting the egg weight from the yolk plus shell weight.
Phosphorus Experiment
Four hundred pullets of the same strain and similar age as those used in the protein experiment were used in this experiment. The number of birds per replicate, the number of replicates per treatment, the period of the experiment, and the procedures for feeding the experimental diets and collecting performance and shell quality information were similar to those described for protein experiment. Diets 1 and 3 (Table 1) were used in this experiment. The composition of these diets were identical except that available P (AP) was reduced from 0.4% in Diet 1 to 0.2% in Diet 3 by reducing the level of mono-dibasic calcium phosphate and adjusting the levels of limestone and sand. The birds of T 1 and T 2 were fed 0.4% and 0.2% AP diets, respectively, during the 16-h photoperiod (0500 to 2100 h). The birds of T 3 were fed the 0.4% AP diet during the morning (0500 to 1300 h) and the 0.2% AP diet during the afternoon (1300 to 2100 h). The birds of T 4 were fed the 0.2% AP diet during the morning and the 0.4% AP during the afternoon.
Experiments on the Pattern of Daily Feed Intake
These trials were conducted concurrently. Two hundred young hens (27-wk-old) and 200 old hens (53-wk-old) were used in the first and the second trials, respectively. In each trial, birds were housed in groups of five hens per shallow-designed cages similar to those used in the previous experiments. Four adjacent cages were considered an experimental replicate and 10 replicates were considered for each trial. The period of these trials was 2 wk. In the third trial, 60 27-wk-old hens were used. The hens were housed in individual cages and the birds of 10 adjacent cages were considered an experimental replicate. Six replicates were considered for this trial. The period of the trial was 10 d. The hens in these trials were fed the Cornell layer-breeder diet for ad libitum consumption during the morning (0500 to 1300 h) and the afternoon (1300 to 2100 h). The feeding procedure was similar to the one described for the protein and P experiments.
At the termination of these trials, the tests continued for an additional 48 h and feed consumption and egg production were recorded on 4-h basis during the photophase (0500 to 2100 h) and also during the 8-h scotophase (2100 to 0500 h).
Calcium Experiment
One hundred and twenty-five 42-wk-old hens were used in this experiment. The hens were housed in individual cages. The birds of five adjacent cages consuming feed from the same feed trough were considered an experimental replicate and each dietary treatment was fed to five replicates for 6 wk. Five dietary treatments were used in this experiment. The Ca content of these diets were 2, 3, 3.08, 3.8, and 5% (Table 2 ). The experimental diets were isocaloric and isonitrogenous with similar levels of methionine, TSAA, and AP. Feeding procedures were similar to those described for the previous experiments. Body weight was determined at the beginning and at the end of the experiment. Daily egg production and weekly feed consumption were recorded throughout the experiment. Various indices of shell quality were measured on all eggs produced during the last 3 d of each biweekly period. The procedure for measurement of specific gravity was similar to that described for the protein experiment. Shell weight was determined after breaking eggs and cleaning shell from the adhering albumen and drying them in oven at 60 C. Shell weight per unit surface area (SWUSA) was determined using shell weight and surface area of each egg. The surface area of eggs was calculated according to approach of Ousterhout (1980) . Shell thickness was measured on three pieces of shell from the equator of the egg with membranes intact using a micrometer. Data were analyzed by one-way analysis of variance (SAS Institute, 1988) and means were compared by Duncan's multiple range test (1955) .
RESULTS AND DISCUSSION
Protein Experiment
The objective of this experiment was to determine whether daily protein requirement of laying hens could be satisfactorily reduced by providing the hens with most parts of their daily protein need during the morning, which coincides with the time of albumen formation and secretion. The dietary regimens were selected with the assumption that hens consume approximately similar quantities of feed during the 8-h photoperiod in the morning (0500 to 1300 h) and the 8-h photoperiod in the afternoon (1300 to 2100 h). In contrast to our expectations, regardless of dietary regimen, about 40% of the daily feed intake was consumed during the morning and about 60% during the afternoon (Table 3 ). This pattern of feed intake remained consistent during every week throughout the experiment. Total daily feed intake for the entire experiment was not different among treatments, except that hens fed a 13% protein diet during both the morning and afternoon (T 2 ) had a lower total daily feed intake than hens of T 4 , which were fed a 13% protein diet during the morning and a 16% protein diet during the afternoon (P < 0.05).
Body weight gain and egg production performance were not different for hens continuously fed a 13% protein diet (T 2 ) and those fed a high-low protein (T 3 ) or a lowhigh protein (T 4 ) diets as compared to hens continuously fed a 16% protein diet (T 1 ) for the entire experiment (P > 0.05, Table 4 ). Due to the pattern of 40% feed consumption during the morning and 60% feed consumption during the afternoon, protein intake with each dietary treatment was considerably greater during the afternoon than the morning. As a result of this difference, it was not possible to determine whether production performance can be maintained satisfactorily when hens receive an adequate level of protein only during the morning, which coincides with the time of albumen formation and secretion and low protein level during the afternoon. The morning protein ps7266 tab3 ps7266 tab4 ps7266 tab5
intake of birds of T 3 was very close to birds of T 1 ; however, the afternoon protein intake was considerably lower for the birds of T 3 than for the birds of T 1 . The overall production performance of birds of these regimens (T 1 vs T 3 ) was not different. This result supports the hypothesis that providing the hens with an adequate protein level only during the morning can support optimum performance. Nevertheless, protein intake of birds of T 4 was significantly lower than the birds of T 3 during the morning (P < 0.05), but was greater than the birds of T 3 during the afternoon (P < 0.05). If adequate protein intake only during the morning was crucial, then one would expect to observe inferior performance for hens of T 4 than for the hens of T 3 . However, the production performance of birds of T 3 and T 4 were not different (P > 0.05). The information obtained from this experiment suggests that optimum performance may be expected as long as the daily protein intake is adequate, regardless of whether maximum daily protein need occurs in the morning or the afternoon hours. Specific gravity was not different among various dietary regimens (P > 0.05). The weight or length of different segments of the oviduct were not influenced by protein regimens (Table 5 ). The only exception was the weight of the magnum, which was significantly heavier for hens continuously fed the 16% protein diets than for those continuously fed the 13% protein diets (T 1 vs T 2 ). Similar to egg weight for the entire experiment, the average weight of 20% eggs selected from each egg grade category for determining of egg components were not significantly different among different treatments (P > 0.05, Table 6 ). Egg components were not influenced by dietary regimens (P > 0.05).
Phosphorus Experiment
The objective of this experiment was to determine whether daily P requirement of laying hens can be satisfactorily reduced by providing the hens with most parts of their daily P need during the morning hours. In contrast to egg yolk, albumen has only a small quantity of P. Consequently, the rationale for conducting this experiment was not to provide the birds with most parts of their daily P need during the time that albumen formation and secretion are in progress. Rather, we were interested in determining whether shell quality, as suggested by Roland and Harms (1976) , can be increased without affecting production performance by providing the hens with an adequate level of AP only during the morning hours. This approach could have the potential of reducing daily P requirements by providing the hens a low-P diet during the afternoon. This experiment was conducted concurrently with the protein experiment. Similar to the results of the protein experiment, regardless of dietary regimens, about 40% of the daily feed intake was consumed during the morning and 60% during the afternoon (Table 7) . This pattern of feed consumption with small changes remained consistent every week during the experiment. Total daily feed consumption for the entire experiment was not different for hens continuously fed a diet with 0.2% AP (T 2 ), or hens fed the high-low (T 3 ) or the low-high (T 4 ) P diets, than the control group (T 1 ), which received a diet with 0.4% AP continuously during the morning and the afternoon. However, feed consumption tended to be lower for the hens continuously fed 0.2% AP diet (T 2 ) than the other treatments, although the differences were only significant between treatments of T 2 and T 3 (P < 0.05). Production performance and specific gravity were not different among different dietary regimens (Table 8 ). The only exception was body weight gain, which was lower (P < 0.05) for hens continuously fed 0.2% AP diet (T 2 ) than for hens fed the other dietary treatments. The daily AP intake for the entire experiment was about 200 mg per hen per d for hens fed the 0.2% AP diet continuously. Due to the loss of body weight, this level of AP intake appeared to be marginal to support optimum performance. On the other hand, daily AP intake of hens of high-low AP regimen (T 3 ) was 282 mg per hen per d for the entire experiment. This level of AP intake was sufficient to satisfy the requirement of laying hens during a period of high egg production. The hens of T 3 received a similar level of AP to those of T 1 during the morning, but with considerably lower AP intake than T 1 during the afternoon. The production performance of hens on these dietary treatments (T 1 vs T 3 ) were not different (P > 0.05). These results apparently support the hypothesis that the efficiency of P utilization may be improved and, as a result of this, the daily AP requirement may be reduced by providing the hens with an adequate level of AP only during the morning. However, no improvement in shell quality was observed due to intake of low AP level during the afternoon than the morning. On the other hand, birds of T 4 were receiving considerably lower AP than the birds of T 3 during the morning and about twice as much AP than the birds of T 3 during the afternoon. This increase in P intake during the afternoon as compared to morning did not have adverse effects on the shell quality of birds of T 4 . The pattern of 40: 60% feed consumption during the morning and afternoon, prevented the appearance of a more severe reduction of P intake during the afternoon on shell quality. Nevertheless, similar to the results of the protein experiment, the information obtained from this experiment suggests that optimum production performance can be obtained as long as the daily P intake is adequate regardless of whether the maximum daily P need is during the morning or the afternoon.
Experiments on Pattern of Daily Feed Intake
These trials were conducted to examine the repeatability of the pattern of feed consumption observed in the protein and phosphorus experiments. The patterns of morning and afternoon feed consumption were consistent with the observations in the previous experiments indicating that hens consumed about 40% of their daily feed intake from 0500 to 1300 h and the next 60% from 1300 to 2100 h (Table 9 ). This pattern was consistent regardless of the hens' ages or the numbers of birds per cage. The results of a subsequent 48-h test indicated that feed consumption with multiple hens per cage tended to be increased consistently as the time of day proceeded from 0500 to 2100 h (Table 10) . However, such a distinct pattern was not apparent with individually caged hens, except that feed consumption was considerably greater during the afternoon, particularly during the last 4 h prior to lights off. The feed consumption during the dark period (2100 to 0500 h) was negligible and probably the small amount of feed intake was attributed to the time of changing the feed at 2100 h, although feed was changed during the dark period and a flashlight was used. The egg production data indicated that 97 to 98% of daily eggs were laid during the morning (0500 to 1300 h), and most parts of the remaining during the afternoon (1300 to 2100 h) with young hens (27-wk-old). With older hens (53-wkold) about 91% of the eggs were laid during the morning (0500 to 1300 h) and most parts of the remaining were laid during the afternoon (1300 to 2100 h). The number of eggs produced during the dark period (2100 to 0500 h) were negligible for young or old hens. ps7266 tab7 ps7266 tab8 77.9 ± 9.1 33.8 ± 9.3 0900 to 1300 h 22.2 ± 1.4 26.8 ± 1.6 25.8 ± 1.5 38.4 ± 17.9 19.9 ± 8.8 57.4 ± 10.7 1300 to 1700 h 32.8 ± 2.4 31.5 ± 1.4 30.9 ± 1.6 3.3 ± 2.6 0.6 ± 1.2 7.0 ± 5 1700 to 2100 h 38.4 ± 1.8 41.1 ± 1.3 42.5 ± 2.5 0.0 ± 0.0 0.8 ± 1.8 1.5 ± 2.2 2100 to 0500 h 1.4 ± 0.2 1.0 ± 1.3 2.3 ± 0.6 0.0 ± 0.0 0.8 ± 1.3 0.3 ± 5.6 Total (0500 to 0500 h) 117.1 ± 5 119.9 ± 4.6 121.9 ± 1.6 100.0 100.0 100.0 (%) 0500 to 1300 h 38.0 ± 1.6 38.6 ± 1 37.9 ± 1.9 96.7 ± 2.6 97.8 ± 2.2 91.2 ± 5.6 1300 to 2100 h 60.8 ± 1.6 60.6 ± 0.9 60.2 ± 1.9 3.3 ± 2.6 1.4 ± 1.9 8.5 ± 5.4 2100 to 0500 h 1.2 ± 0.2 0.8 ± 0.4 1.9 ± 0.5 0.0 ± 0.0 0.8 ± 1.3 0.3 ± 5.6
Calcium Experiment
We were interested to determine the reasons for higher feed consumption in the afternoon and evening than in the morning. The most logical reason to us was an increased appetite for Ca during these hours for shell formation. Consequently, the objectives of this experiment were to determine: 1) if the pattern of daily feed consumption can be changed by manipulation of Ca level in the morning and the afternoon feeds?; 2) if shell quality can be improved by providing most parts of the daily Ca need during the afternoon?; and 3) if the efficiency of Ca utilization can be improved, and as a result, the daily Ca need be reduced by providing an adequate level of Ca only during the afternoon?
The rationale for selecting the dietary Ca levels for this experiment (Table 2 ) was as follows: We hypothesized that regardless of the levels of dietary Ca used in this experiment, birds still consume about 40% of their daily feed intake during the morning and 60% during the afternoon. The birds of T 1 served as the control group and were fed a diet containing 3.8% Ca both during the morning and the afternoon. The birds of T 2 were fed a diet with 2% Ca during the morning and 5% Ca during the afternoon. These dietary Ca levels were selected so that the birds of T 2 would receive most of the daily Ca intake during the afternoon, i.e., the time that coincided with shell formation. We expected to observe better shell quality with birds of T 2 than T 1 . Based on a pattern of 40% feed consumption during the morning and 60% during the afternoon, the daily total Ca intake of T 1 and T 2 was expected to be equal for a daily feed consumption of about 100 g per hen per d. The birds of T 3 served as a negative control for T 2 and were fed a diet with 5% Ca during the morning and 3% Ca during the afternoon. It was expected that most of the daily Ca intake would be consumed during the morning, but the total daily Ca intake of T 3 would remain equal to T 1 and T 2 . Due to the possibility of palatability problems, the dietary Ca level in the morning feed of T 3 was not increased above 5%. It was anticipated that shell quality of birds of T 3 would remain inferior to birds of T 2 or T 1 , because most of the daily Ca need was expected to be consumed during the morning, which did not coincide with the time of shell formation. Treatment 4 (T 4 ) was used to determine whether the efficiency of Ca utilization could be increased and as a result, the daily Ca need could be reduced by providing the hens with a similar Ca level to T 1 only during the afternoon (3.8%), but with a much lower level of Ca during the morning (2%). We expected to find similar shell quality for birds of T 4 and T 1 , but the daily Ca requirement was expected to be ps7266 tab11 reduced only to 3.08 g for a daily feed consumption of about 100 g per hen per d. Treatment 5 (T 5 ) served as a control for T 4 and birds of this treatment were fed a diet with 3.08% Ca during the morning and the afternoon. Although the daily Ca intake was expected to be equal among the birds of T 5 and T 4 , we anticipated better shell quality with T 4 than T 5 , because most parts of the daily Ca need was expected to be consumed during the afternoon by birds of the T 4 .
Regardless of dietary Ca levels, birds consumed about 40% of their daily feed intake during the morning and about 60% of their daily feed intake during the afternoon (Table 11) . These results do not confirm the notion that the greater feed intake during the afternoon than the morning may be due to an increased appetite for Ca for shell formation. If this were the case, then one would expected to see reduced feed consumption with T 2 during the afternoon because of the presence of the abundance of Ca in the diet during this period. Morning feed consumption was lower for birds of T 3 than birds of T 1 (P < 0.05), although the daily feed consumption was not different among these treatments. Apparently increasing the dietary Ca to 5% had some deleterious effect on feed consumption during the morning but not during the afternoon (T 2 vs T 3 ). Although, some differences in egg production and egg weight were observed among various treatments, egg mass, which is the product of these traits, was not different among dietary regimens. Feed conversion of birds of T 3 was superior to the other dietary treatments. Body weight gain was slightly but significantly lower for hens of T 5 than T 1 (P < 0.05). Birds of T 2 consumed significantly more Ca during the afternoon and less Ca during the morning than the birds of T 1 (P < 0.05, Table 12 ). However, the total daily Ca intake was not different between these treatments. The greater Ca intake of the birds fed T 2 as compared to birds of T 1 during the afternoon did not have a beneficial effect on various indices of shell quality. On the other hand, birds of T 3 received significantly more Ca during the morning and less Ca during the afternoon than the birds of T 1 and T 2 (P < 0.05).
The total daily Ca intake was slightly, but significantly, lower for the birds of T 3 than T 1 . These differences in the pattern of morning and afternoon Ca intake of birds of T 3 as compared to birds of T 1 and T 2 did not have an adverse effect on various indices of shell quality (T 3 vs T 1 or T 2 ). In fact, shell weight was slightly, but significantly greater for birds fed T 3 than T 1 . Birds of T 4 received significantly more Ca during the afternoon and less Ca during the morning than birds of T 5 . Again, the higher afternoon Ca intake of birds of T 4 as compared to T 5 did not have a beneficial effect on various indices of shell quality. Total daily Ca intake was not different among the birds of T 4 and T 5 , but was significantly lower than the other dietary treatments.
Indices of shell quality were not different among the birds of T 4 and T 5 or among these groups and the birds of T 1 ; however, some of the indices of shell quality of birds TABLE 12. The effect of variation of daily calcium intake on shell quality, Ca experiment a-d Means within columns with no common superscript differ significantly (P < 0.05). 1 Morning feeds were fed from 0500 to 1300 h and afternoon feeds were fed from 1300 to 2100 h.
Ca in the diet
Ca intake Shell quality fed T 4 or T 5 were lower than for birds fed T 2 or T 3 . This effect might have been due to a lower daily Ca intake of birds of the former than the latter groups. This study generally failed to indicate that providing most parts of the daily Ca need during the afternoon has a beneficial effect on shell quality. Comparing shell quality indices of birds of T 1 with those of T 4 indicated that the daily Ca requirement may be reduced by providing adequate Ca only during the afternoon. The results of protein and P experiments were inconclusive. In both experiments, the pattern of 40% feed consumption during the morning and 60% feed consumption during the afternoon reduced the sensitivity of the experiments. Additionally, the level of protein and AP of the negative controls in these experiments were not low enough to result in producing significant adverse effects on performance. The results of the Ca experiment failed to indicate that the higher feed consumption during the afternoon was due to an increased appetite for Ca during this period for shell formation. The Ca experiment also failed to indicate that providing most parts of the daily Ca intake during the afternoon and evening as compared to the morning has a beneficial effect on shell quality. Further experiments on the pattern of daily feed intake and more detailed experiments pertaining to dietary protein, P, and Ca levels during the morning and the afternoon are required to reach to decisive conclusions. These were the subject of experiments presented in a companion paper (Keshavarz, 1998) .
